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0RVFRZ5XVVLD
2QWKHEDVLVRIWKHFRUUHODWLYHPHWKRGRIWKHXQV\PPHWUL]HGVHOIFRQVLVWHQWILHOG
WKDW\LHOGVWKHDFFRXQWRIWKHVWURQJDQKDUPRQLFLW\RI WKH ODWWLFHYLEUDWLRQV LWKDVEHHQ
FDOFXODWHGWKHWHPSHUDWXUHGHSHQGHQFHRIVDWXUDWHGYDSRUSUHVVXUHRIKLJKHUDQGVPDOOHU
IXOOHULWHV IURP & XS WR WKH & DQG WKHLU WKHUPRG\QDPLF SURSHUWLHV DORQJ WKHLU
VXEOLPDWLRQ FXUYHV :H KDYH XVHG WKH LQWHUPROHFXODU SRWHQWLDO RI *LULIDOFR ZLWK
SDUDPHWHUVUHFHQWO\FDOFXODWHGIRUWKHVHIXOOHUHQHV7KHFDOFXODWLRQVZHUHDFFRPSOLVKHG
XS WRWKHWHPSHUDWXUHRIORVVRIVWDELOLW\VSLQRGDOSRLQW7V :HFRPSDUHRXUUHVXOWVZLWK
DYDLODEOHH[SHULPHQWDOGDWDDQGZLWKTXDQWLWLHVFDOFXODWHGHDUOLHUIRUWKHPDJQLWXGHVRI
WKHPRVWZLGHVSUHDG RI WKH IXOOHULWHV WKH& 7KH EHKDYLRU RI VRPH FKDUDFWHULVWLFV LV
FRQVLGHUHG LQ WKHLUGHSHQGHQFHRQ WKHQXPEHURIDWRPV LQ WKHPROHFXOH7KHVDWXUDWHG
YDSRU SUHVVXUHV XS WR WKH VSLQRGDO SRLQWV RI WKH WZRSKDVH V\VWHPV FU\VWDO ± JDV LV
DSSUR[LPDWHGE\WKHIRUPXOD   ORJ &77%$3VDW  ZKHUHWKHODVWWHUPLVUHODWHGWR
WKH DQKDUPRQLFLW\ RI WKH ODWWLFH YLEUDWLRQV 7KH FRHIILFLHQW $ SUDFWLFDOO\ KDV QR
GHSHQGHQFHRQWKHQXPEHURIDWRPVLQWKHPROHFXOHYDU\LQJRQO\E\% LQFUHDVHV
PRQRWRQLFDOO\ZKLOH& GHFUHDVHV IURP WKH& WR WKH&E\DSSUR[LPDWHO\ WZLFH7KH
LVRWKHUPDOEXONPRGXOXV%7 DQGWKHVKHDUPRGXOXV&YDQLVKDWWKHVSLQRGDOSRLQWV
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7KHSRVVLELOLW\RIWKHH[LVWHQFHRIDWKLUGDORQJZLWKWKHJUDSKLWHDQGWKHGLDPRQG
PROHFXODUIRUPRIWKHFDUERQZDVWKHRUHWLFDOO\LQYHVWLJDWHGLQWKHEHJLQQLQJRIWKHVHYHQWLHV
 7KHVHPROHFXOHV&QQ LV DSRVLWLYHLQWHJHUQXPEHUKDYHEHHQH[SHULPHQWDOO\GLVFRYHUHG
LQ
 7RZKRPFRUUHVSRQGHQFHVKRXOGEHDGGUHVVHG(PDLO]XERY#ILVXIJEU
WKH PLG HLJKWLHV 6LQFH WKH HODERUDWLRQ RI HIIHFWLYH WHFKQRORJLHV IRU WKH SURGXFWLRQ
VHSDUDWLRQ DQG SXULILFDWLRQ RI IXOOHUHQHV LQ TXDQWLWLHV HQRXJK IRU JURZLQJ FU\VWDOV RI
PDFURVFRSLF GLPHQVLRQV WKH IXOOHULWHV LW KDV EHHQ REVHUYHG D SHUPDQHQW LQWHUHVW WR WKHLU
H[SHULPHQWDODQGWKHRUHWLFDOLQYHVWLJDWLRQ+LWKHUWRWKHPRVWZLGHVSUHDG&DQGWKHQH[WWR
LW&DUHWKHPRVWFRPSOHWHO\VWXGLHG,WLVNQRZQIRULQVWDQFHWKDWDWORZWHPSHUDWXUHVWKH
PROHFXOHVLQWKHLUODWWLFHVDUHRULHQWDWLRQDOO\RUGHUHGZKHUHDVDWKLJKWHPSHUDWXUHVWKH\URWDWH
UDWKHUIUHHO\LQDIFFODWWLFHZLWKDOLWWOHPL[WXUHRIWKHKFSSKDVHLQ&6LPLODUEHKDYLRULV
WREHH[SHFWHGDOVRIURPRWKHUIXOOHULWHV
 7KHWKHRUHWLFDOVWXG\RIWKHWKHUPRG\QDPLFVRIWKHKLJKWHPSHUDWXUHPRGLILFDWLRQVRI
WKH IXOOHULWHV ZDV LQLWLDWHG E\*LULIDOFR &RQVLGHULQJ WKDW WKH IRUP RI WKH & PROHFXOH LV
DOPRVWVSKHULFDODQGDYHUDJLQJWKH/HQQDUG-RQHVDWRPDWRPSRWHQWLDOVRIDSDLURIPROHFXOHV
RYHU DOO WKHLU RULHQWDWLRQV KH KDV GHGXFHG IRU WKH RULHQWDWLRQDOO\ GLVRUGHUHG SKDVHV VROLG
JDVHRXVDQGK\SRWKHWLFDOOLTXLGWKHLQWHUPROHFXODUSRWHQWLDO
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+HUH V U D   U LVWKHGLVWDQFHEHWZHHQWKHFHQWHUVRIWKHPROHFXOHV LVWKHUDGLXVRIWKHLU
KDUGFRUH
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DQG DUHWKHFRHIILFLHQWVWRWKHDWWUDFWLYHDQGUHSXOVLYHWHUPVRIWKHDWRPDWRP/HQQDUG
-RQHVSRWHQWLDOZKLOHQ  LVWKHQXPEHURIDWRPVLQWKHPROHFXOH7KHSDUDPHWHUV DQG
ZHUHILWWHGLQZLWKH[SHULPHQWDOGDWDIRUWKHODWWLFHFRQVWDQWDQGKHDWRIVXEOLPDWLRQ
7KH&PROHFXOHKDVDIRUPVLPLODUWRDQREORQJHOOLSVRLG7KHIRUPVRIPROHFXOHVRI
WKHRWKHUIXOOHUHQHVDUHHYHQPRUHFRPSOLFDWHG1RWLFLQJWKDWWKLVPROHFXOHFDQEHVHSDUDWHG
LQ ILYHJURXSVRIRUDWRPVHDFKRQHO\LQJLQDVSKHULFDOVKHOORIDFHUWDLQUDGLXVDQG
JHQHUDOL]LQJWKHSURFHGXUHRI*LULIDOFR9HUKHLMHQHW DO REWDLQHGDQLQWHUPROHFXODUSRWHQWLDO
IRU WKLV IXOOHUHQH ,W KDV WKH IRUP RI D VXP RI  WHUPV RI WKH W\SH  GHVFULELQJ WKH
LQWHUDFWLRQVEHWZHHQGLIIHUHQWSDLUVRIVXFKVKHOOVRIQHLJKERULQJPROHFXOHV
.QLD]c *LULIDOFR DQG )LVFKHU  DQG LQGHSHQGHQWO\ $EUDPR DQG &DFFDPR XVHG WKH
*LULIDOFR SRWHQWLDO  IRU WKH RULHQWDWLRQDOO\ GLVRUGHUHG SKDVHV RI& 7KLV FRUUHVSRQGV WR
DSSUR[LPDWHWKHIRUPRIWKHPROHFXOHWRDVSKHUHZKRVHUDGLXVLVGHWHUPLQHGE\ILWWLQJLQWKH
FDOFXODWHG ZLWK WKLV SRWHQWLDO ODWWLFH FRQVWDQW ZLWK LWV H[SHULPHQWDO YDOXH 7KH LGHD RI D
VSKHULFDODSSUR[LPDWLRQIRUVRPHRIWKHKLJKHUIXOOHUHQHVZLWKUDGLXVUHODWHGWRWKHQXPEHURI
DWRPVLQWKHPROHFXOHZDVXVHGLQ5HIVEXWUHJDUGOHVVWRWKHLQWHUPROHFXODUSRWHQWLDOV
7KH LQWHUPROHFXODUSRWHQWLDOVRI*LULIDOFRDQG9HUKHLMHQZHUHHPSOR\HGRQ WKHEDVLVRI
WKHFRUUHODWLYHPHWKRGRI WKHXQV\PPHWUL]HG VHOIFRQVLVWHQW ILHOG &86) VHH HJ5HIV 
 IRU WKH LQYHVWLJDWLRQ RI WKHZKROH VHWV RI HTXLOLEULXP WKHUPRG\QDPLF SURSHUWLHV RI WKH
KLJKWHPSHUDWXUHSKDVHVRIWKHIXOOHULWHV&DQG&%URDGUHJLRQVRIWKHLUGLDJUDP
RI VWDWHV ZHUH FRQVLGHUHG LQFOXGLQJ WKH VXEOLPDWLRQ FXUYHV  7KH LQWUDPROHFXODU
YLEUDWLRQVZDVWDNHQLQWRDFFRXQW7KH\JLYHWKHPDLQFRQWULEXWLRQWRWKHVSHFLILFKHDWV
7KHDJUHHPHQWZLWKH[SHULPHQWLVJRRG
,Q WKH ODVW \HDUV D JURZLQJ LQWHUHVW KDV EHHQ REVHUYHG WR WKH KLJKHU IXOOHULWHV & DQG
&   DQG WR &  DQG DOVR WR WKH VPDOOHU RQHV VSHFLDOO\ WR &  $PHWKRGZDV
SURSRVHGIRUWKHFDOFXODWLRQRIWKHFRHIILFLHQWVRIWKHSRWHQWLDORI*LULIDOFREDVLQJRQWKH
VSKHULFDODSSUR[LPDWLRQRIWKHIRUPRIWKHPROHFXOHVVWDUWLQJIURPWKHLUPDJQLWXGHVIRUWKH
& LHZLWKRXWDGGLWLRQDOILWWLQJSDUDPHWHUV7KHUHKDYHEHHQFDOFXODWHGWKHFRHIILFLHQWVIRU
D VHULHVRIVPDOOHUDQGKLJKHUIXOOHUHQHVIURPWKH&WRWKH& 7KHFXUYHVRIWKHSRWHQWLDOV
IRUWKHVHIXOOHUHQHVDUHVKRZQLQ)LJDQGWKHUHILQHGYDOXHVRIWKHLUEDVLFFKDUDFWHULVWLFVDUH
SUHVHQWHG LQ7DEOH , ,W LV LQWHUHVWLQJ WKDW WKH FRHIILFLHQWVD DQG E GHFUHDVHZLWK LQFUHDVLQJ
QXPEHURIDWRPVLQWKHPROHFXOHDOWKRXJKWKHPLQLPXPSRLQWRIWKHSRWHQWLDODQGWKHGHSWK
RI LWV ZHOO RI FRXUVH LQFUHDVH 2QH FDQ VHH IURP )LJ  WKDW WKH PLQLPXP SRLQWV RI WKH
*LULIDOFRSRWHQWLDOIRUYDULRXVIXOOHUHQHVOLHRQDQHDUO\VWUDLJKWOLQH7KLVSRWHQWLDOKDVEHHQ
XVHGIRUWKHFDOFXODWLRQRIWKHVDWXUDWHGYDSRUSUHVVXUHVDQGWKHWKHUPRG\QDPLFSURSHUWLHVRI
WKH WZRKLJKHU IXOOHULWHV  DQG $JRRGDJUHHPHQWZLWK DYDLODEOH H[SHULPHQWDO GDWD
KDVEHHQREWDLQHG
5HFHQWO\ FRPSXWHU VLPXODWLRQ UHVXOWV KDYH EHHQ SXEOLVKHG IRU WKH SURSHUWLHV RI&
DQG & IXOOHULWHV XVLQJ WKH *LULIDOFR SRWHQWLDO  )HUQDQGHV HW DO KDYH XWLOL]HG LQ
SDUWLFXODURXUYDOXHVRIWKHSDUDPHWHUVIRU WKLVSRWHQWLDO ZKHUHDV0LFDOLHWDODGRSWHG
WKHHIIHFWLYHUDGLLRIWKHPROHFXOHE\ILWWLQJH[SHULPHQWDOGDWDIRUWKHODWWLFHSDUDPHWHUV%RWK
DSSURDFKHVJLYHFORVHUHVXOWV
7KH SUHVHQWZRUN LV GHYRWHG WR WKHRUHWLFDO LQYHVWLJDWLRQ DQG FRPSDULVRQ DQDO\VLV RI
WKHUPRG\QDPLF SURSHUWLHV RI D IDPLO\ RI IXOOHULWHV IURP& WR & DORQJ WKHLU VXEOLPDWLRQ
FXUYHV
 %5,()6.(7&+2)7+(0(7+2'
7KH ]HURWK DSSUR[LPDWLRQ RI WKH&86) LQFOXGHV WKH VWURQJ DQKDUPRQLFLW\ RI WKH ODWWLFH
YLEUDWLRQVXSWRWKHIRXUWKRUGHUDQGWKHSHUWXUEDWLRQWKHRU\WDNHVLQWRDFFRXQWWKHILIWKDQG
VL[WK DQKDUPRQLF WHUPV 7KXV WDNLQJ LQWR FRQVLGHUDWLRQ WKH URWDWLRQDO DQG LQWUDPROHFXODU
GHJUHHV RI IUHHGRP WKH IUHH+HOPKROW] HQHUJ\ DQG WKH HTXDWLRQ RI VWDWH RI WKH FU\VWDO DW D
WHPSHUDWXUH4 N7 XQGHUDSUHVVXUH DUH RIWKHIRUP
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+HUH1 LV WKHTXDQWLW\RIPROHFXOHVWKH$YRJDGUR¶VQXPEHUP WKHPDVVRIWKHPROHFXOH,
DQG , DUH WKH PRPHQWV RI LQHUWLD IRU & ,  , ZM DQG JM DUH WKH IUHTXHQFLHV DQG
GHJHQHUDFLHVRIWKHLQWUDPROHFXODUYLEUDWLRQVD LV WKHGLVWDQFHEHWZHHQWKHQHDUHVWQHLJKERUV
YD   91 WKH YROXPH RI WKH XQLWDU\ FHOO DQG ¹¸·©¨§ 4 

  ..E LV DQ LPSOLFLW IXQFWLRQ
GHWHUPLQHGE\WKHWUDQVFHQGHQWDOHTXDWLRQ
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ZKHUH'Q DUHWKHSDUDEROLFF\OLQGHUIXQFWLRQV
 . O = 5 OO N O NN         t¦ )     
) )+ 3 DQG3+ DUHWKHFRUUHFWLRQVRIWKHSHUWXUEDWLRQWKHRU\WKDWFRQWDLQLQSDUWLFXODUWKH
DQKDUPRQLFLW\RIKLJKHURUGHUV,WLVVHHQIURPHTIRULQVWDQFHWKDWWKHURWDWLRQDODQGLQWUD
PROHFXODUGHJUHHVRIIUHHGRPWKDWWKHSUHYDOHQWWRWKHVSHFLILFKHDWVRIWKHIXOOHULWHVKDYHQR
LQIOXHQFHRQWKHHTXDWLRQRIVWDWHDQGRQWKHSURSHUWLHVUHODWHGWRLWWKHWKHUPDOH[SDQVLRQDQG
WKH LVRWKHUPDO HODVWLF PRGXOL %XW WKH\ JLYH D VLJQLILFDQW FRQWULEXWLRQ WR WKH HTXDWLRQ RI
HQHUJ\HTDQGWKHPDLQFRQWULEXWLRQWRWKHVSHFLILFKHDWVRI WKHIXOOHULWHVXSWR±
%HFDXVHRI WKLV WKHPRODUVSHFLILFKHDWVRI WKHIXOOHULWHVDWKLJK WHPSHUDWXUHVDUHPXFK
JUHDWHUWKDQWKRVHRIWKHPDMRULW\RIRWKHUVXEVWDQFHVDQGWKHGLIIHUHQFHEHWZHHQLVREDULFDQG
LVRFKRULF VSHFLILFKHDWVDVZHOO DVEHWZHHQ LVRWKHUPDODQGDGLDEDWLFHODVWLFPRGXOL DUHYHU\
VPDOO
,Q WKHFDVHRIHTXLOLEULXPRIWKHFU\VWDOZLWKLWVYDSRURQHKDVWRDGGWRWKHHTWKH
FRQGLWLRQRISKDVHHTXLOLEULXPHTXDOLW\RIWKHFKHPLFDOSRWHQWLDOVDQGWKHHTXDWLRQRIVWDWH
RIWKHJDVHRXVSKDVH)RUWKHODWWHURQHFDQXVHWKHYLULDOH[SDQVLRQ7DNLQJLQWRDFFRXQWWKH
VHFRQGYLULDOWHUPVWKLVUHGXFHVWR
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ZKHUHI L  )L1 L   + 7KHV\VWHPRIHTXDWLRQVDQGZLWKWKHDFFRXQWRIGHWHUPLQH
WKH WHPSHUDWXUH GHSHQGHQFH RI WKH VDWXUDWHG YDSRU SUHVVXUH 3VDW 7 DQG RI WKH GLVWDQFH
EHWZHHQWKHQHDUHVWQHLJKERUVLQWKHFU\VWDOD 7 DORQJWKHFXUYHRISKDVHHTXLOLEULXP
 5(68/76$1'',6&866,21
6XEOLPDWLRQFXUYHV :HKDYHVROYHGWKHVHHTXDWLRQVIRUVHYHUDOIXOOHULWHVIURP 
WR  7KHUHVXOWVIRUWKHPHDQLQWHUPROHFXODUGLVWDQFHVLQ    DQG WRJHWKHU
ZLWKWKHDYDLODEOHH[SHULPHQWDOGDWDIRU DQG DUHGHSLFWHGLQ)LJ5HPHPEHU
WKDW WKH XSSHU EUDQFKHV D7 RI WKHVH FXUYHV FRUUHVSRQG WR WKH DEVROXWH XQVWDEOH
WKHUPRG\QDPLFVWDWHVVLQFHRQWKHPWKHLVRWKHUPDOPRGXOXVRIWKHFU\VWDO LVQHJDWLYH$W
WKHWHPSHUDWXUH76 ZKHUHERWKEUDQFKHVFRDOHVFH YDQLVKHV)URPKHUHLWLVVHHQWKHJRRG
DJUHHPHQWIRUWKHORZHUEUDQFKHVD7 ZLWKDYDLODEOHH[SHULPHQWDOGDWD,WLVLQWHUHVWLQJWKDW
WKHSRLQWVD76 OLHSUDFWLFDOO\RQDVWUDLJKWOLQH
7R DYRLGHQFXPEUDQFHWKHGHSHQGHQFHRIWKHORJDULWKPRIWKHVDWXUDWHGYDSRUSUHVVXUHV
RQ WKHLQYHUVHRIWHPSHUDWXUHLVGHPRQVWUDWHGLQ)LJXUHRQO\IRU  DQG  ,WLVFORVH
WR OLQHDU )RU WKH ORZHU EUDQFK WKLV LV LQ JRRG DJUHHPHQW ZLWK DYDLODEOH UHVXOWV RI
PHDVXUHPHQWV IRU     DQG DOVR IRU   DQG 0RUH DFFXUDWHO\ DORQJ DOO WKH
UDQJHRIWHPSHUDWXUHVLWLVGHVFULEHGE\WKHHTXDWLRQ
ORJ &77
%$3VDW  
LQ ZKLFK WKH ODVW WHUP LV GXH WR WKH DQKDUPRQLFLW\ RI ODWWLFH YLEUDWLRQV $OWKRXJK WKH
FRHIILFLHQW LVUHODWLYHO\VPDOO\HWDWKLJKWHPSHUDWXUHVLWJLYHVDQRWLFHDEOHFRQWULEXWLRQWR
3VDW :HKDYHSURFHVVHGE\WKLVIRUPXODWKHUHVXOWVRIRXUFDOFXODWLRQVXSWRWKHWHPSHUDWXUHV
RIWKHSRVVLEOHWULSOHSRLQWVFU\VWDO±OLTXLG±YDSRU7KHH[LVWHQWHVWLPDWHVIRUWKH& OLHLQ
WKHOLPLWVIURPWR.:HKDYHWDNHQWKHPHDQYDOXH.DQGIRUWKHRWKHU
IXOOHULWHV ZH KDYH XVHG WKH UXOH RI WKH FRUUHVSRQGHQW VWDWHV 7KH EHKDYLRU RI DOO WKH WKUHH
FRHIILFLHQWVLVVKRZQLQ)LJXUH7KHFRQVWDQWWHUPLQHTGHSHQGVDOPRVWQRWDWDOORQWKH
QXPEHU RI DWRPV LQ WKHPROHFXOH YDU\LQJ RQO\ E\  7KXV LQ WKH VSLQRGDO SRLQWV WKH
VDWXUDWHG YDSRU SUHVVXUHV RI YDULRXV IXOOHULWHV GLIIHU YHU\ OLWWOH IURP HDFK RWKHU 7KH
FRHIILFLHQW JURZVPRQRWRQLFDOO\ZKLOH GHFUHDVHVIURPWKH&WRWKH& E\DERXWWZLFH
6XFKDEHKDYLRUDJUHHVZLWKH[SHULPHQWDOHVWLPDWLRQVRI$ DQG % DYDLODEOHIRU& & &
DQG& VHH7DEOH7KHUHLVDGHWRXUIURPWKLVWUHQGRIWKHYDOXHRI% IRUWKH& FDOFXODWHG
XVLQJWKH9HUKHLMHQLQWHUPROHFXODUSRWHQWLDO
$OO WKH GDWD RI PHDVXUHPHQWV H[HFXWHG IRU    DQG  GXH WR H[SHULPHQWDO
GLIILFXOWLHVLQOLPLWHGWHPSHUDWXUHLQWHUYDOVKDYHEHHQSURFHVVHGLQWKHOLQHDUDSSUR[LPDWLRQ
LHZLWKRXW WKH WKLUG WHUP LQ HT 0DUNRY HW DO EDVHG RQ WKH DQDO\VLV RI WKH UHVXOWV RI
YDULRXVDXWKRUVIRU DQG KDYHJLYHQYDOXHVUHFRPPHQGHGRIWKHFRHIILFLHQWV DQG
IRUWKHVHIXOOHULWHV,Q7DEOHZHFRPSDUHRXUUHVXOWVZLWKWKHPDQGZLWKH[SHULPHQWDOGDWD
IRU DQGIRU ±
,Q )LJXUH  ZH VKRZ WKH WHPSHUDWXUH GHSHQGHQFH RI WKH HQWKDOSLHV RI VXEOLPDWLRQ RI
IXOOHULWHV:HFRPSDUHWKHPZLWKWKHH[SHULPHQWDOGDWDIRU&DQG& & DQG&

2QHFDQVHHWKHDJUHHPHQWZLWKLQWKHOLPLWVRIH[SHULPHQWDOHUURUZLWKWKHH[FHSWLRQRIWKH
UHVXOWVIRU&ZKRVHGLIIHUHQFHIURPRXUFDOFXODWLRQVVOLJKWO\H[WUDSRODWHGWKHVHOLPLWV2XU
UHVXOWV VKRZ DQ H[FHOOHQW DJUHHPHQW ZLWK FRPSXWHU VLPXODWLRQV E\ )HUQDQGHV HW DO
SUHVHQWHG DW  . LQ N-PROH  r IRU & r IRU & r IRU & DQG
 r IRU&
 7KHUPRG\QDPLF SURSHUWLHV $ORQJ WKH ORZHU EUDQFKHV ZH KDYH FDOFXODWHG WKH
WKHUPRG\QDPLFSURSHUWLHVRIWKHIXOOHULWHVWKDWDUHGXHWRWKHODWWLFHYLEUDWLRQV
)LJXUHV  DQG  VKRZ WKH HODVWLF SURSHUWLHV ZKLFK DUH DOVR WKH FRHIILFLHQWV RI
WKHUPRG\QDPLFVWDELOLW\RI WKH FU\VWDOV7KH\DOO GHFUHDVHPRQRWRQLFDOO\ DV WKH WHPSHUDWXUH
LQFUHDVHV%HVLGHVLQWKHKHDY\IXOOHULWHVWKH\DUHJUHDWHUWKDQLQWKHOLJKWRQHV$W7  76 WKH
EXON PRGXOXV%7 YDQLVKHVWRJHWKHUZLWKWKHVKHDUPRGXOXV  ERWKDVWKHòSRZHURI76 ± 7
2WKHUVWDELOLW\FRHIILFLHQWVUHPDLQILQLWHDQGSRVLWLYH7KHUHIRUH76 LVWKHVSLQRGDOSRLQWWKH
SRLQWRIWKHORVVRIWKHWKHUPRG\QDPLFVWDELOLW\LQWKHSUHVHQWFDVHIRUWKHWZRSKDVHV\VWHP
FU\VWDOYDSRU
,Q)LJXUHWKHWKHUPDOH[SDQVLRQFRHIILFLHQWRIIXOOHULWHVLVVKRZQ,WLQFUHDVHVZLWKWKH
WHPSHUDWXUH)RU WKHKHDY\ IXOOHULWHV LW LV VPDOOHU WKDQ IRU WKH OLJKWRQHV1HDU WKH VSLQRGDO
SRLQWLWJURZVVKDUSO\WHQGLQJWRLQILQLWHZKHQ7 o 76 7KDWLVZK\ZHWDNHKHUHDVPDOOHU
WHPSHUDWXUHLQWHUYDO
7KHVSHFWUDRILQWUDPROHFXODUYLEUDWLRQVZM DQG JMWKDWJLYHWKHSUHYDOHQWFRQWULEXWLRQWR
WKHVSHFLILFKHDWVRIWKHIXOOHULWHVDUHNQRZQIRU DQG IXOOHUHQHV7KDW¶VZK\ZH
KDYHFDOFXODWHGWKHWKHUPDOSURSHUWLHVRQO\IRUWKLVWZRIXOOHULWHV7KHLULVREDULFVSHFLILFKHDWV
DUH VKRZQLQ)LJ7KHLUPRODUYDOXHVDUHFRQVLGHUDEO\JUHDWHUWKDQWKRVHRIWKHPDMRULW\RI
RWKHUVXEVWDQFHV%HVLGHVIRU LWLVKLJKHUWKDQIRU EHFDXVHRIWKHJUHDWHUQXPEHURILWV
LQWUDPROHFXODUGHJUHHVRI IUHHGRP$W WKHVDPH WLPH WKHJUDPDWRPVSHFLILFKHDWVRIERWK
IXOOHULWHVDUHYHU\FORVHWRHDFKRWKHUH[FHSWIRUWKHVPDOOYLFLQLW\RIWKHSRLQWV76 ZKHUHWKH
FRQWULEXWLRQRIWKHODWWLFHYLEUDWLRQVJURZVVKDUSO\7KLVLVDQLQGLFDWLRQRIWKHSUR[LPLW\RI
WKH LQWHJUDO FKDUDFWHULVWLFV RI WKHLU LQWUDPROHFXODU YLEUDWLRQV 7KH DJUHHPHQW ZLWK
H[SHULPHQWDOUHVXOWVDYDLODEOHIRU&IXOOHULWH±LVTXLWHVDWLVIDFWRU\
6R WKH JRRG DJUHHPHQW ZLWK H[SHULPHQWDO GDWD WKDW ZH KDYH REWDLQHG IRU
WKHUPRG\QDPLF SURSHUWLHV RI IXOOHULWHV  DQG  DQG DOVR IRU VXEOLPDWLRQ
FKDUDFWHULVWLFVRI DQG DOORZVXVWRH[SHFWDQDJUHHPHQWRIUHVXOWVRIRXUSUHVHQW
FDOFXODWLRQVIRURWKHUIXOOHULWHVZLWKWKRVHRIPHDVXUHPHQWVWKDWZLOODSSHDULQWKHIXWXUH
$FNQRHOHGJPHQW7KLVZRUNZDVVXSSRUWHGILQDQFLDOO\LQSDUWE\&RQVHOKR1DFLRQDO
GR 'HVHQYROYLPHQWR&LHQWtILFRH7HFQROyJLFR±&13T%UD]LO9,=XERYLVJUDWHIXOIRUWKLV
VXSSRUW
5HIHUHQFHVDQG1RWHV
 (2VDZD.DJDNX.\RWR  LQ-DSDQ
 %RFKYDU **DOSHUQ'$16665 LQ5XVVLDQ
 +:.URWR-5+HDWK6&2¶%ULHQ5(&XUODQG5(6PDOOH\1DWXUH 
 :.UlWVFKPHU/'/DPE.)RVWLQRXSRORVDQG5'+XIIPDQ1DWXUH 
 /$*LULIDOFR-3K\V&KHP 
 0$9HUKHLMHQ+0HHNHV3%HQQHPD-/GH%RHU6YDQ6PDDOHQ*YDQ7HQGRORR
 6$PHOLQFNV60XWRDQG-YDQ/DQGX\W&KHP3K\V 
 ..QLD]c /$*LULIDOFRDQG-()LVFKHU-3K\V&KHP 
 0&$EUDPRDQG&&DFFDPR-3K\V&KHP6ROLGV 
<6DLWR7<RVKLNDZD1)XMLPRWRDQG+6KLQLKDUD 3K\V5HY % 
630ROFKDQRY  3RSRY  6XKRUXNRY3RYHUKQRVW 
9,=XERY137UHWLDNRY-)6DQFKH]DQG$$&DSDULFD3K\V5HY% 

9,=XERY-)6DQFKH]2UWL]-17HL[HLUD5DEHORDQG,9=XERY3K\V5HY%
 
9,=XERY-)6DQFKH]137UHWLDNRY$$&DSDULFDDQG,9=XERY&DUERQ
 
9,=XERY137UHWLDNRY,9=XERY-%0DUTXHV%DUULRDQG-17HL[HLUD5DEHOR
 -3K\V&KHP6ROLGV 
9,=XERY137UHWLDNRY,9=XERYDQG-%0DUTXHV%DUULR-3K\V&KHP6ROLGV

=K'RQJ3=RX-0+ROHQ3&(NOXQGHWDO3K\V5HY% 
0&0DUWLQ;'X-.ZRQDQG/0LKDOL3K\V5HY% 
*2QLGD:$QGUHRQL-.RKDQRIIDQG03DULQHOOR&KHP3K\V/HWW 
+.DZDGD<)XMLL+1DNDR<0XUDNDPL7:DWDQXNL+6XHPDWVX..LNXFKL
 <$FKLED,,NHPRWR3K\V5HY% 
%%UXQHWWL**LJOL(*LJOLR93LDFHQWHDQG36FDUGDOD-3K\V&KHP%

 9%ROWDQLQD9,X0DUNRY$<D%RUFKHYVNLLHW DO 5DSLG&RPPXQ0DVV6SHFWURP
  
 9%ROWDQLQD9,X0DUNRY$<D%RUFKHYVNLLHW DO 0HQGHOHHY&RPPXQ
 S
93LDFHQWH&3DWFKHWWH**LJOLDQG36FDUGDOD-3K\V&KHP$ 
%ROWDQLQD9,X0DUNRY$<D%RUFKHYVNLLHW DO 5HFHQW$GYDQFHVLQWKH&KHPLVWU\DQG
 3K\VLFVRI)XOOHUHQHVDQG5HODWHG0DWHULDOV 
9,X0DUNRY 9%ROWDQLQD/16LGRURY-3& 
0&$EUDPR&&DFFDPR'&RVWDDQG*3HOOLFDQH(XURSK\V/HWW 
=6ODQLQD;=KDRDQG(2VDZD&KHP3K\V/HWW 
&3LVFRWWL-<DUJHUDQG$=HWWO1DWXUH 
9,=XERY0ROHF0DWHU 
9,=XERY137UHWLDNRYDQG,9=XERY(XU3K\V-% 
)066)HUQDQGHV)00)UHLWDVDQG536)DUWDULD- 3K\V&KHP %

0&0LFDOL0&$EUDPRDQG&&DFFDPR- 3K\V&KHP6ROLGV 
&.0DWKHZV65DGMDJRSDODQ.9*.XWW\HW DO 6ROLG6WDW&RPPXQV 
-()LVFKHUDQG3$+HLQH\-3K\V&KHP6ROLGV 
-$EUHIDK'52ODQGHU0%DORRFKDQG:-6LHNKDXV$SSO3K\V/HWW 
&.0DWKHZV06DL%DED76/1DUDVLPKDQHWDO-&KHP3K\V 
93LDFHQWH**LJOL36FDUGDOD$*LXVWLQLDQG')HUUR-&KHP3K\V 
09.RURERY(96NRNDQ',X%RULVRYD/  +RPLFK=K)L].KLP 
 LQ5XVVLDQ
$&KHQJ0/.OHLQDQG&&DFFDPR3K\V5HY/HWW 
&&DFFDPR3K\V5HY% 
<-LQ-&KHQJ09DUPD1DLU*/LDQJ<)X%:XQGHUOLFK;';LDQJ50RVWRYRL
DQG
 $.=HWWO-3K\V&KHP 
70DWVXR+6XJD:,)'DYLG50,EEHUVRQ3%HUQLHU$=DKDE&)DEUH$5DVVDWDQG
 $'ZRUNLQ6ROLG6WDW&RPPXQ 
-()LVFKHU$50F*KLH-.(VWUDGD0+DOXVND+.X]PDQ\DQG+8WHU0HHU
 3K\V5HY% 
%9/HEHGHY.%=KRJRYD7$%\NRYDHW DO ,]Y5RVV$NDG1DXN6HU.KLP
 SLQ5XVVLDQ

7DEOH&KDUDFWHULVWLFVRIWKH*LULIDOFRSRWHQWLDOIRUGLIIHUHQWIXOOHUHQHV
&D & & & & & & &
D ±FP        
D ±HUJ        
E ±HUJ        
V ±FP        
U ±FP        
±HN% .        
D *LULIDOFR

7DEOH&RHIILFLHQWVRI(T
& & & &
$D
$E
$F
$G
$H

r




r





r
r
r


r
r
r
%D
%E
%F
%G
%H

r




r





r
r
r


r
r
r
D2XUUHVXOWV
E5HFRPPHQGHGH[SHULPHQWDOYDOXHVREWDLQHGE\0DUNRYHW DOIRU&LQWKHUDQJHRI
WR
 .DQGIRU&RIWR.
F([SHULPHQWDOYDOXHVREWDLQHGE\%UXQHWWLHW DOIRU&LQWKHUDQJHRIWR.DQG
E\
3LDFHQWLHW DOIRU&LQWKHUDQJHRIWR.
G([SHULPHQWDOYDOXHVREWDLQHGE\%ROWDQLQDHW DOIRU&LQWKHUDQJHRIWR.DQG
E\
%ROWDQLQDHW DOIRU&LQWKHUDQJHRIWR.
H([SHULPHQWDOYDOXHVREWDLQHGE\%ROWDQLQDHWDOIRU&DQG&LQWKHUDQJHRIWR
 .

)LJXUH7KH*LULIDOFRSRWHQWLDOIRUHLJKWIXOOHUHQHV±&
 ±& ±& ±&  ±& ±& ±& ±&
     
Uc





)
N

.



)LJXUH7KHLQWHUPROHFXODUGLVWDQFHVLQWKHIXOOHULWHVDORQJWKHLUVXEOLPDWLRQFXUYHV
 ±& ±& ±& ±& ±& 7KHYHUWLFDOOLQHVVKRZWKHWHPSHUDWXUHV76
([SHULPHQWDOGDWDIRU&DUHWDNHQIURPZRUNVRI0DWKHZVHWDO Q DQGRI)LVFKHU
DQG +HLQH\DQGIRU&IURPZRUNRI.DZDGDHW DO
     
7(03(5$785(.











,1
7(
5
0
2
/(
&
8
/$
5
'
,6
7$
1
&
(






)LJXUH6DWXUDWHGYDSRUVSUHVVXUHV([SHULPHQWDOGDWDWDNHQIURP5HIV
     
7.









/R
J
3

7R
UU

&

& 
&

7V

)LJXUH&RHIILFLHQWVRI(T±$ ±% ±&




)LJXUH(QWKDOSLHVRIVXEOLPDWLRQ([SHULPHQWDOGDWDIRU&DQG&
DUHWDNHQIURPZRUNE\0DUNRYHWDOWKHYDOXHVUHFRPPHQGHGIRU&
IURPZRUNVE\%UXQHWWLHWDO DQGE\%ROWDQLQDHWDODQGIRU&
IURPZRUNVE\3LDFHQWHHWDODQG%ROWDQLQDHWDO
     
7(03(5$785(.



(
1
7+
$
/3
,(
6
2
)
6
8
%
/,
1
$
7,
2
1
.
-
0
2
/(

&

&
&

&

&
&
&



 



)LJXUH,VRWKHUPDOEXONPRGXOL%7 RGGQXPEHUVDQGVKHDUFRHIILFLHQWV&
HYHQQXPEHUVRIWKHIXOOHULWHV±& ±& ±& ±&
     
7(03(5$785(.





(
/$
6
7,
&
&
2
(
))
,&
,(
1
76
.
%
$
5
 








)LJXUH,VRWKHUPDOFRHIILFLHQWVRIXQLD[LDOWHQVLRQ&7RGGQXPEHUV
DQGVKHDUFRHIILFLHQWV&7 &7 7KHQXPEHUVIRUYDULRXVIXOOHULWHVDUH
WKHVDPHDVLQ)LJXUH
    
7(03(5$785(.






(
/$
6
7,
&
&
2
(
))
,&
,(
1
76
.
%
$
5










)LJXUH7KHUPDOH[SDQVLRQFRHIILFLHQWVRIWKHIXOOHULWHV
    
7(03(5$785(.
(
(
(
7+
(
5
0
$
/
(
;
3
$
1
6
,2
1
&
2
(
))
,&
,(
1
76
&
&
&

&

&


)LJXUH,VREDULFKHDWFDSDFLWLHVRI&DQG& ([SHULPHQWDOGDWDDUHWDNHQ
IURPZRUNVE\<-LQHW DO 0DWVXRHW DO)LVFKHUHW DOi 
/HEHGHYHW DO  DQG0DUNRYHWDO
    
7(03(5$785(.







0
2
/
$
5
,
62
%
$
5
,&
6
3(
&
,)
,&
+
(
$
7
6
&
S
5 








*
5
$
0
$
7
2
0
,&
6
3(
&
,)
,&
+
(
$
7
6
F
S
5
